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Abstract
Most subgroup B2 adenoviruses use CD46 as their primary receptor. Recent structural and mutagenesis studies suggested that Ad11 and Ad35
likely engage this receptor in a very similar fashion. However, no comparative studies assessing the cell-associated CD46 binding efficiencies of
different Ad fibers have been performed. We solved the crystal structure of Ad35 fiber knob and constructed a model of the fiber knob complexed
with CD46. Comparison of our model with that of Ad11–CD46 showed that despite a larger CD46-interacting region in the IJ loop of Ad11, the
buried surface area was very similar, suggesting that both fiber knobs might exhibit similar binding. In support of this, cell based competition studies
demonstrated almost identical binding efficiencies of Ad11 and Ad35 fibers to cell surface CD46. These findings shed further light on CD46
association by Ad and could impact the selection of novel Ad types for gene transfer.
© 2008 Published by Elsevier Inc.Keywords: Adenovirus, CD46; Membrane cofactor protein; Fiber; Knob; Ad11; Ad35; Structure; Vector; Gene therapyIntroduction
Despite the fact that adenoviruses represent a major cause of
acute respiratory and ocular infections, recombinant forms of
this virus are currently being employed for gene transfer and
vaccine delivery. The currently identified 52 serotypes of human
adenovirus are divided among seven subgroups A to G based on
their genome sequence similarities, hemagglutination and other
properties (Davison et al., 2003; Jones et al., 2007). Attachment
of adenoviruses to host cells is mediated by the binding of the
elongated fiber protein to a primary cellular receptor, either CAR
or CD46 (Bergelson et al., 1997; Gaggar et al., 2003; Segerman
et al., 2003). CD46 has been identified as the primary receptor⁎ Corresponding author. Department of Immunology, IMM19, The Scripps
Research Institute, 10550N.TorreyPinesRd.La Jolla, CA92037,USA.Fax: +1858/
784 8472.
E-mail address: gnemerow@scripps.edu (G.R. Nemerow).
0042-6822/$ - see front matter © 2008 Published by Elsevier Inc.
doi:10.1016/j.virol.2008.02.013for adenoviruses belonging to subgroup B. This subgroup is
further divided into the subgroups B1 and B2, which differ in
tissue tropism but not necessarily in receptor usage. Recently a
new classification of subgroup B Ads has been proposed based
on receptor usage (Tuve et al., 2006) in which viruses are
assigned to the different subgroups according to their ability to
bind to CD46, to a yet unidentified receptor (designated X) or to
both receptors.
The use of specific cell receptors by different Ad types also
has important implications for their use in the clinic for gene
transfer. The majority of adenoviral gene therapy vectors cur-
rently in use are based on adenovirus type 5, a CAR-binding
member of subgroup C. However, vector usage is limited by the
fact that CAR is often down-regulated on the more malignant
clinical tumor isolates (Anders et al., 2003; Fuxe et al., 2003;
Hemminki et al., 2003) as well as being absent on most hema-
topoietic cell types (Iacobelli-Martinez et al., 2005; Segerman
et al., 2000). Thus, Ad vectors based on subgroup B serotypes





Resolution range (Å) 50 – 2.7 (2.8 – 2.7) a
Unit cell:
a, b (Å) 173.820
c (Å) 154.008
Number of unique reflections 57,497
I/σ(I) 13.3 (2.0)
Completeness (%) 91.5 (68.4)
Rmerge
b (%) 14.9 (62.4)
R factor/free R (%) 33.2/35.2
Number of protein atoms/asymmetric unit 8976
RMSD bond (Å) 0.010
RMSD angles (°) 1.7
Ramachandran statistics
Most favored region (%) 63.5
Additionally allowed region (%) 28.3
Generally allowed region (%) 6.5
Disallowed region (%) 1.7
a Data in parenthesis refer to the last resolution shell.
b Rmerge=∑hkl |I−bIN| /∑I.
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(Fishelson et al., 2003). In addition, subgroup B viruses such
as Ad11 and Ad35 are less susceptible to inactivation by host
immune molecules than Ad5 vectors due to the presence of
lower levels of neutralizing antibodies in human sera to certain
subgroup B viruses (Vogels et al., 2003).
The recently published crystal structure (Persson et al., 2007)
of Ad11p fiber knob complexed with SCR1-2 of CD46 has
provided valuable insights into the molecular basis of subgroup
B adenovirus binding to CD46. The new data indicates that
binding of the fiber knob leads to conformational changes in
CD46. A notable shape-complementarity of the receptor–virus
interface results in a continuous contact area stretched across
two fiber knob subunits. Along this site, three major contact
regions, designated A, B, and C, and the critical residues within
these regions have been partially defined. One of the Ad fiber
knob subunits involved binds to SCR1 and the interface of
SCR1 and 2, thus contributing the majority of contacting
residues. The second fiber subunit makes contact with the base
of SCR2. The extensive contact area/binding site suggests a
tight binding that was confirmed by affinity measurements.
Despite this new structural information, the relationship of the
virus structure to the actual binding efficiency of different
subgroup B viruses to CD46 at the cell surface remains to be
clarified.
In the studies reported here, we compared the structural
features of Ad35 fiber knob and properties of its association
with cell surface CD46 with that of Ad11 in order to gain further
insights into the molecular basis of CD46 interactions with
different subgroup B adenoviruses. Our findings suggest that
although there are certain structural differences in the CD46
binding regions of Ad35 and Ad11, these do not appear to
greatly impact CD46 interactions on cell surfaces. These find-
ings reveal the extent to which natural fiber modificationsFig. 1. (A) A ribbon diagram of Ad35 fiber knob trimer viewed down the threefold ax
fiber knob into 2Fo – Fc electron density contoured at 1.0 σ.preserve CD46 binding efficiency, a situation that should
influence the selection and development of novel Ad vectors.
Results
Structure Analysis of the Ad35 fiber knob and model of a complex
with CD46
There are two copies of Ad35 fiber knob trimers in the
crystallographic asymmetric unit. The tertiary structure of Ad35
fiber knob is similar to that of the previously solved structure of
Ad11 (Persson et al., 2007) with which it shares 50% sequenceis. (B) Stereo diagram showing the quality of fit of residues 285 to 291 of Ad35
Fig. 2. (A) Sequence alignment ofAd11 fiber knobmonomerwithAd35 fiber knob
monomer. TheA, B andC regions (Persson et al., 2007) that interact with theCD46
receptor are highlighted in Cyan, Green and Yellow colours, respectively. The
conserved residues in the non-interacting regions are highlighted with a red
background while similar residue are enclosed in blue boxes. (B) Structural
comparison of Ad35 fiber knob with Ad11 fiber knob bound to CD46. Super-
position of Ad35 fiber knob trimer (Green) onto Ad11 fiber knob trimer (Orange)
bound to CD46 (Blue) showing the major interacting regions. The conserved
residues in regionsA (I282/I281 inAd11/Ad35) andB (N245/N243,R280/R279 in
Ad11/Ad35) are shown in stick representation. Also indicated is the IJ loop in the
region C that differs the most between the Ad11 and Ad35 fiber knob structures.
Table 2
Comparison of the normalized buried surface areas of selected amino acids in









surface area (%) a
N245 20.3 N243 29.1
R280 26.6 R279 27.6
A281 18.8 M280 18.7
I282 25.4 I281 34.6
N283 25.7 S282 13.2
D284 39.8 S283 34.0
Q305 29.6 – b – b
T306 46.6 – b – b
a The % normalized buried surface area was calculated by dividing the buried
surface area values of the amino acids in contact with CD46 by the accessible
surface area for the same amino acid in isolation.
b Corresponding residues are absent due to shorter length of the IJ loop in
Ad35 fiber knob structure.
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that aided in unambiguous positioning of the side chains into the
density is shown in Fig. 1B. The distinguishing features of
the Ad11 and Ad35 fiber knob structures owe primarily to the
surface loops that are implicated in CD46 binding in the Ad11
structure bound to CD46.
In the crystal structure of Ad11 fiber knob bound to CD46
three regions designated A (residues 281–285), B (residues 279–
280, 245–247) and C (residues 305–307) were identified that
interact directly with the CD46 receptor domains (Fig. 2A).While
the A and B regions that bind to one of the SCR domains originatefrom one subunit of the Ad11 trimer, the interactions in the C
region are contributed by the residues from the neighboing
subunit. Thus the CD46 (SCR1 and SCR2) interacting regions
span two of the three subunits of the Ad11 trimer. A structural
superposition of Ad11 and Ad35 fiber knobs reveals that the A
region is structurally most conserved followed by the B and C
regions (Fig. 2B). Of particular interest, the loop in the C region
(IJ loop) in the Ad35 structure is shorter by two residues than the
corresponding region in the Ad11 structure. This results in the IJ
loop of Ad11 fiber knob having closer proximity to the CD46
receptor and hence could result in a more favorable interaction at
the C region. In contrast, this interaction is predicted to be lacking
in the Ad35 fiber knob–CD46 complex model.
The buried surface area for Ad11 fiber knob on CD46 binding
is 1905 Å2 while it was calculated to be 1715 Å2 for the Ad35
fiber knob trimer. These values are in a similar range as the buried
surface area of ~1880 Å2 estimated in Ad–CAR association
(Bewley et al., 1999). Based on the sequence alignment of Ad11
with Ad35 (Fig. 2A), the residues in all three interacting regions
are most dissimilar between Ad11 and Ad35 sequences when
compared to the corresponding non-interacting regions.However,
a comparison of residue-wise interactions at the three CD46-
binding regions between the Ad11 and Ad35 structures reveals
that the two are comparable in terms of the residue-wise buried
surface area upon association with CD46 (Table 2). This is also
true for the number and nature of contacts that are observed
between the fiber knob and CD46 receptor. All the contact
forming residues show a decreased accessible surface area when
in association with the CD46 receptor (data not shown). Of
particular significance, the salt bridge between E63 of CD46 and
R280 and R279 of Ad11 and Ad35, respectively is conserved.
Other conserved residues in the CD46 contacting regions include
N243 and N245 at region B and I281 and I282 at region A in the
Ad35 andAd11 fiber knob structures, respectively. Other contacts
at regions A and B have corresponding interactions in Ad11 and
Ad35 except for the C regionwhere a few contacts are predicted to
be absent in Ad35 owing to the shorter loop (Fig. 2B). Thus, the
present Ad–CD46 structure models suggest that the Ad35 fiber
Fig. 3. Functional comparison of Ad11 and Ad35 fiber knobs binding to cellular CD46. (A) Purified Ad11 fiber knob (lanes 1 and 3) and Ad35 fiber knob (lanes 2 and
4) samples were run boiled (lanes 1 and 2) or non-boiled (lanes 3 and 4) on a polyacrylamide gel. Non-boiled samples show trimeric fiber knob conformation.
(B) CHO-K1 cells stably transfected with a plasmid expressing CD46 (CD46) or an empty expression vector (NULL) were incubated with Ad11 or Ad5.35F virus at
30,000 virus particles per cell. CD46 expressing cells in the absence of virus serve as background control. Mean fluorescence intensity was normalized to 100 for
CD46 expressing cells incubated in the presence of virus. No efficient attachment of either virus was observed in the absence of cellular CD46. Data points represent
mean of triplicates. Error bars represent standard deviation. (C, D) CHO cells expressing CD46 were preincubated with different amounts of Ad11 fiber knob (11FK),
Ad35 fiber knob (35FK) or Ad5 fiber knob (5FK) on ice for 30 min before addition of 30,000 virus particles per cell of Ad11 (C) or Ad5.35F (D) for 45 min on ice.
Mean fluorescence intensity was measured by flow cytometry. Background fluorescence of cells in the absence of virus was subtracted and fluorescence of cells
incubated with virus in the absence of fiber knob was defined as 100%. Data points represent mean of triplicates. Error bars represent standard deviation. Graphs shown
are representative for at least two independent experiments with separate protein preparations.
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Ad11 fiber, indicated by the similarities in the buried surface area
and the contacts between the individual fibers with the CD46
receptor. However, a direct comparison of these two fiber knobs
binding to cell surface CD46 has not been previously evaluated.
Analysis of Ad fiber knob binding to cells via CD46
In initial flow cytometry studies we examined the binding of
fluorescently conjugated Ad11 as well as of labeled Ad5 vector
equipped with an Ad35 fiber to CHO cells lacking CD46 (null)
or to CHO cells expressing CD46 (Fig. 3B). We observed that
labeled virus/vector bound to CHO cells expressing human
CD46 but did not show significant binding to CHO cells lacking
this receptor indicating the requirement for a specific receptor in
virus–cell association. Thus, we next used the CHO-CD46 cells
to compare Ad35 and Ad11 fiber knob interactions in com-
petition studies (Figs. 3C, D). The purified fiber knobs used for
receptor binding assays retained trimeric organization as
detected by gel electrophoresis under semi-native conditions
(Fig. 3A) and by size exclusion chromatography (data not
shown). CHO-CD46 expressing cells were preincubated with
varying amounts of the Ad35FK, Ad11FK, or the Ad5FK as a
control prior to the addition of labeled Ad11 or Ad5.35F virions.Flow cytometric analysis showed that Ad35FK and Ad11FK
exhibited very similar capacity to inhibit Ad11 as well as
Ad5.35F virus binding to cells while the CAR-specific Ad5FK,
as expected, did not impair binding. However, the Ad5FK
construct potently blocked Ad5 attachment to CAR expressing
HeLa cells (data not shown). These findings indicate, that de-
spite having somewhat different CD46 binding regions, parti-
cularly in site C, the fiber knob domains of Ad35 and Ad11
promote very similar association with CD46 on host cells.
Discussion
Given the fact that pre-existing immunity to Ad5-based vec-
tors limits the usefulness of this virus for gene transfer in vivo,
ongoing efforts have been directed toward the generation of
novel Ad vectors based on other Ad serotypes. As both Ad11 and
Ad35 are candidates for new gene therapy vectors, a comparison
of their receptor binding efficiencies may aid in the selection of
optimal gene delivery vectors. The recently published co-crystal
structure of Ad11 fiber knob–CD46 provides valuable insight
into the structural details of adenovirus receptor interaction
(Persson et al., 2007), however how these structural features
relate to CD46 association is not yet fully clear. Recent muta-
genesis studies identified critical residues in the related Ad35
577L. Pache et al. / Virology 375 (2008) 573–579fiber knob that are likely to be involved in CD46 binding
(Wang et al., 2007). The residues identified in Ad35 fiber
knob are all located within the CD46-binding regions,
designated A, B, C, in Ad11 fiber knob, suggesting that
both virus types engage their primary receptor in a very
similar fashion and likely with very similar strong binding
(low nanomolar) affinity. However previous studies measured
Ad11 or Ad35 fiber knob association with CD46 at 2 nM and
15.35 nM, respectively (Persson et al., 2007; Wang et al.,
2007). This almost eight-fold difference is somewhat surpris-
ing in light of the structural similarities between the Ad11 and
Ad35 fiber knobs (Fig. 2B). However, the third (C) binding
region in the Ad35 fiber knob trimer exhibits some structural
differences with that of Ad11. In this region the Ad11 fiber
knob has two additional residues that are missing in Ad35.
The extended IJ loop might allow a closer contact to CD46,
which on a theoretical basis could enhance receptor interac-
tion. Nonetheless, a measurement of the amount of buried
surface area for Ad11 and Ad35 fiber in our studies revealed
only a relatively minor difference overall.
Given the very similar structural features of CD46-binding
domains of Ad11 and Ad35 fiber knob, we performed virus
competition binding studies using recombinant fiber knobs in
order to assess the efficiency of their association with CD46
under physiologic conditions. Our binding assays are designed
to allow multivalent association of fiber trimers with cell
surface CD46 molecules, a situation that would more closely
mimic vector–cell interactions. To ensure that fiber knob
interactions were exclusively restricted to CD46, we used
CHO cells expressing recombinant CD46. Importantly, CHO
cells do not express an alternative subgroup B receptor,
designated X, (Tuve et al., 2006) a situation that we confirmed
by showing that Ad11 cannot efficiently bind to CHO cells in
the absence of human CD46. Under these physiological
conditions, both Ad11 and Ad35 fiber knobs showed an
almost identical ability to inhibit Ad binding to cells, thus
indicating that each of these virus ligands possesses equivalent
CD46 binding efficiency.
Our findings thus differ from the previously published
studies that showed different binding affinities to CD46 by
distinct Ad types. One possible explanation for this discrepancy
is that the previous studies measured the 1:1 interaction of a
single CD46 SCR1-2 construct with a trimeric fiber knob
molecule in solution or immobilized on a solid support rather
than on the cell surface. The binding of Ad11 to the truncated
CD46 was analyzed in solution by isothermal titration
calorimetry while the measurements on Ad35 fiber knob were
performed on a solid support using surface plasmon resonance.
Differences in steric hindrance or effects of the coupling
chemistry on the ligand might influence the measured affinities,
thus making a direct comparison of these results difficult. Since
the fiber knob trimer has three potential CD46 binding sites,
attachment of the fiber knob to the cell surface could well
involve multivalent association with CD46 molecules further
stabilizing virus/fiber binding and the efficiency of cellular
attachment. Moreover, the truncated version of CD46 (SCR1-2)
employed in previous studies might interact somewhatdifferently than the full-length CD46 molecule as measured in
our current studies.
Thus, our structural findings revealing relatively small differ-
ences in the CD46 binding surfaces of the Ad11 and Ad35 fiber
knobs appear to be consistent with the similar CD46 interactions
on host cells. In this regard it is interesting to note that the
difference in buried surface area upon CD46 binding by Ad11
and Ad35 fibers might even be smaller than calculated. Our
model is based on the assumption that CD46 upon binding to
Ad35 fiber knob assumes a straightened conformation, compar-
able to the one seen in the CD46–Ad11 structure. However, the
actual degree of bending between the two SCRs of CD46 is
unknown and therefore if it were slightly more pronounced, it
could provide a more favorable interaction with the Ad35 fiber
knob in the region of the IJ loop. Thus, the difference in buried
surface areas in the two fiber knobs in region Cmight actually be
less pronounced than suggested by our model. This possibility is
supported by the very similar binding efficiencies observed in
our competition studies.
In these studies, we demonstrated that based on structural
modelling as well as on cell based competition studies, the fiber
knobs of Ad11 and Ad35 exhibit very similar binding to CD46
on cells. Importantly, our investigations also indicate the degree
to which certain outer loops of the Ad fiber knob can tolerate
alterations without impacting CD46 association on intact cells.
This finding may help clarify CD46 association by Ad vectors
based on subgroup B viruses and indicate that both fiber types




Ad11p (Slobitsky strain) was obtained from ATCC (Mana-
ssas, VA) and propagated in A549 cells. Ad5.35F (T. A. Smith
et al., 2003) was propagated in 293 cells. Viruses were pro-
pagated and purified as previously described (Wu et al., 2004).
Virus concentrations were determined by UV absorbance mea-
surements. All cells were maintained in DMEM supplemented
with 10% fetal calf serum (Omega Scientific, Tarzana, CA),
10 mM HEPES pH 7.55, 4 mM L-glutamine, 1 mM sodium
pyruvate, 0.1 mM nonessential amino acids, 100 U/ml penicillin
and 100 μg/ml streptomycin. CHO-K1 cells were stably trans-
fected with an expression plasmid containing the C2 isoform of
CD46 (Post et al., 1991) or the empty vector as a control. Trans-
fected CHO cells were maintained in DMEM supplemented as
above, with the addition of 0.5 mg/ml G418 sulfate (Invitrogen,
Carlsbad, CA).
Labeling of adenovirus
Ad11p and Ad5.35F were fluorescently conjugated utilizing
an Alexa Fluor 488 Labeling Kit (Invitrogen, Carlsbad, CA) as
previously described (Smith and Nemerow, 2008) under
conditions that maintained at least 90% of the original cell in-
fectivity of the virus.
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Ad5 fiber knob was expressed as described previously (Wu
et al., 2004). cDNA corresponding to residues 121–323 of Ad35
fiber and residues 118–325 of Ad11 fiber was amplified from
Ad5.GFP.35FDNA (T. A. Smith et al., 2003) or Ad11p (Slobitzki
strain) DNA by PCR using the sense primers 5′-CGCGGATC-
CAACAACGGTGACATTTGTATA-3′ (Ad5.35F) and 5′-CGC-
GGATCCCTTACATTCAATTCAAACAACATTTG-3′ (Ad11)
(Bam HI sites underlined) and the antisense primers 5′-TG-
GTGCGGCCGCTTAGTTGTCGTCTTCTG-3′ (Ad5.35F) and
5′-TGGTGCGGCCGCTCAGTCGTCTTCTCTGATGTAG-3′
(Ad11) (Not I sites underlined). The fragments were subse-
quently cloned into the Bam HI and Not I sites of the pET28a
(+) vector (Novagen, Madison, WI). Recombinant protein was
expressed in BL21(DE3) cells (Invitrogen, Carlsbad, CA). Cells
were grown at 37 °C to an optical density at 600 nm of 0.8 prior
to being induced with 0.3 mM IPTG (Isopropyl β-D-
thiogalactoside) for 4 h at 30 °C. The cells were pelleted and
lysed in Bugbuster Protein Extraction Reagent (Novagen,
Madison, WI) supplemented with 20 U/ml of Benzonase
(Sigma, St. Louis, MO), 1 mg/ml of Lysozyme (Sigma, St.
Louis, MO), 150 mM NaCl, 10 mM Imidazole and Complete
EDTA-free Protease Inhibitor Cocktail (Roche Diagnostics,
Indianapolis, IN). After a 20 min incubation at 4 °C the cell
debris was pelleted at 12,000 ×g for 20 min at 4 °C. His-tagged
fiber knob was purified from the supernatant using TALON
Metal Affinity Resin as recommended by the manufacturer
(Clontech, Palo Alto, CA). The 6×His tag of Ad11 and Ad35
fiber knob was cleaved by dialyzing the protein into buffer
containing 20 mM Tris pH 8.0, 150 mM NaCl and 2.5 mM
CaCl2 and incubating with 0.2 U/mg of protein Thrombin
protease (Novagen, Madison, WI) for 2 h at room temperature.
Cleaved 6×His fragments as well as uncleaved protein
molecules were removed by incubation with TALON Metal
Affinity Resin. The flow-through was diluted with an equal
volume of 20 mM Tris pH 8.0 and further purified by anion
exchange chromatography on a Resource Q 1 ml column (GE
Healthcare, Piscataway, NJ) in 20 mM Tris pH 8.0 and a NaCl
gradient from 20 mM to 500 mM. Fiber knobs diluted in
loading buffer (80 mM Tris pH 6.8, 2% SDS, 10% glycerol,
0.2% bromophenol blue, 5% β-mercaptoethanol) were analyzed
by SDS polyacrylamide gel electrophoresis (PAGE) with or
without prior boiling. Protein bands were stained with
SimplyBlue protein stain (Invitrogen, Carlsbad, CA).
Crystallization, data collection and processing
Ad35 fiber knobwas concentrated to 13mg/ml in 20mMTris
pH 8.0, 100 mM NaCl using Ultrafree-0.5 PBTK centrifugal
filter units (Millipore, Billerica, MA). Crystals were obtained
after 2 weeks at 22.5 °C by hanging drop vapor diffusion using
1.6M (NH4)2SO4, 10% (v/v) 1,4-Dioxane, 0.1MMES pH 6.5 as
precipitant. Diffraction data from the crystals was collected by
flash freezing the crystal soaked in the mother liquor containing
25% glycerol for five minutes at the GM/CA CAT beamline at
APS, Chicago. A set of 200 images was collected from a singlecrystal with an oscillation angle of 1° and a crystal to detector
distance of 350 mm. X-ray diffraction data was processed using
HKL2000 suite of programs (Otwinowski and Minor, 1997).
The crystals diffracted to better than 2.7 Å resolution. All
images were processed, integrated and scaled in the I4 space
group with unit cell dimensions of a=173.9 Å and c=154.1 Å.
A total of 923,306 observations with 57,497 unique reflections
were recorded, which amounted to an overall completeness of
nearly 91% with an Rmerge of 15%. The final data reduction
statistics are shown in Table 1. TheWilson B of the Data is 67 Å2
(Wilson, 1942). The crystal packing analysis showed a solvent
content of ~71% for a total of two trimeric fiber knobs in the
asymmetric unit (Matthews, 1968). The higher solvent content
is reflected in higher B-factors for the residue in the refined
structure.
Data analysis and structure solution
The Ad35 fiber knob structure was solved using molecular
replacement with a trimer of Ad11 fiber knob (Persson et al.,
2007), (PDB id: 2O39) as the search model using the
program Phaser (Read, 2001; Storoni et al., 2004). The initial
phases obtained from the phaser solution were improved by
two fold and/or six fold NCS averaging using CCP4 (CCP4,
1994) and the RAVE suite of programs (Kleywegt and Jones,
1994). The electron density was averaged into a mask
corresponding to a trimer of Ad35 fiber knob. After 15 cycles
of NCS averaging the Rfactor and CC improved from 50% to
15% and 60% to 95%, respectively. The program O (T. A.
Jones et al., 1991) was used for model building and CNS
(Brunger et al., 1998) was used for structure refinement. The
initial model of Ad35 was built into averaged electron density
and every step of model building was followed by a round of
refinement. The final refinement statistics are shown in Table
1 TOP3d from CCP4 suite of programs (CCP4, 1994) and
ALIGN (Cohen, 1997) were used for structure alignment.
Pymol (DeLano, 2002) was used for structure visualization,
analysis and figure generation. Intra-/Intersubunit contacts and
individual accessible surface area were calculated using
Contact and Areamol programs, respectively, from the
CCP4 suite of programs.
Fiber binding and virus competition assays
CHO cells were detached from culture flasks with Versene
(Invitrogen, Carlsbad, CA) and washed with serum-free me-
dium. 105 cells per well were deposited into a 96 well plate,
resuspended in 50 μl serum-free medium containing varying
amounts of fiber knob and incubated on ice. After 30 min,
3×109 Alexa-488 labeled Ad particles in 50 μl medium were
added to the cells in each well for 45 min on ice. The cells were
pelleted, fixed in PBS containing 4% paraformaldehyde and
diluted in PBS containing 0.2% bovine serum albumin and
0.2% sodium azide. 10,000 cells were acquired by flow
cytometry on a FACScan flow cytometer and fluorescence
was analyzed using CellQuest software (BD Biosciences,
Billerica, MA). Background fluorescence of cells in the absence
579L. Pache et al. / Virology 375 (2008) 573–579of virus was subtracted and mean fluorescence intensity was
normalized to 100 for cells incubated with virus in the absence
of fiber knob.
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